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ABSTRACT 
Over geologic timescales CO2 in the atmosphere is greatly affected by the weathering of silicate 
and phosphate rocks. Weathering of Ca-Mg phases is important because it results in precipitation 
of Ca Mg carbonates and removal to marine sediments, thereby affecting long term CO2 uptake. 
Weathering of iron or phosphate phases is important because these reactions release nutrients 
that promote plant growth and take up CO2 as organic carbon in the short term. This project 
investigates the dissolution kinetics of volcanic ash from five different eruptions (Mount St. 
Helens, USA eruption; Mt. Pinatubo, Philippines eruption; Eyjafjallajökull, Iceland; Mt. Pacaya, 
Guatemala; and Tungurahua, Ecuador eruptions) in synthetic sea water and in freshwater 
solutions, with and without the addition of iron oxidizing bacteria. Bulk ash composition 
determined by x-ray fluorescence ranged from basaltic andesite, to trachy-andesite, andesite and 
trachydacite. X-ray diffraction indicates the presence of plagioclase in all samples although the 
compositions both within ash and among samples could vary substantially. Over the course of 
the experiment, the solutions were sampled periodically via syringe, filtered, and analyzed with a 
Skalar San++ nutrient analyzer to determine concentrations of silica and phosphate. Marine 
experiments spanned 834 days. Freshwater experiments spanned 578 days. On the first day of the 
freshwater experiments, approximately 0.5 ml of Sideroxydans lithotrophicus in growth media 
was added to one set of the freshwater duplicates. Equal amounts of Mariprofundus ferrooxydans 
in growth media was added to one set of marine duplicates 260 days into dissolution 
experiments. Samples were also analyzed for iron by use of the ferrozine method; however, the 
concentrations of iron were too low to be detected (LOD=3 ppb). Phosphate concentrations were 
close to the detection limit and varied over time. 
The silica concentrations increased gradually over time and dissolution rates were estimated 
from a linear fit of the data. Samples with or without bacteria exhibited similar rates based on Si 
dissolution. When normalized for specific surface area, the highest dissolution rate was from the 
2010 eruption of Pacaya, which had basaltic-andesitic composition. The initial silica release rate 
in freshwater without bacteria was 7.8•10-12 mole Si/m2/s, and in artificial seawater: 3.5•10-12 
mole Si/m2/s. In general, marine dissolution rates were of the same order of magnitude as 
freshwater release rates, but slightly slower. The lowest release rate was 1.5•10-12 mol Si /m2 /s, 
from Icelandic ash, with the addition of iron oxidizing bacteria. Results are similar to those 
results of a similar experiments in which ash from the same eruptions was dissolved in deionized 
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The amount of CO2 in the atmosphere over geologic timescales is greatly affected by the 
weathering of silicate and phosphate rocks (Berner et al., 1983; Berner, 1999). Weathering of 
Ca-Mg phases is significant because it results in precipitation of Ca Mg carbonates which affects 
long term CO2 uptake. Weathering of iron or phosphate phases is important because these 
reactions release nutrients that promote plant growth and take up CO2 as organic carbon in the 
short term (Karl et al., 1988). These processes regulate the CO2 budget on long-term and short-
term time scales, respectively. These weathering processes are potentially affected by 
surrounding life forms such as bacteria. Bioavailable iron is a key micronutrient for certain 
bacteria and it is important to study all the following processes to accurately define a global 





Silicate weathering and its role as a carbon sink in geologic timescales 
The weathering of calcium and magnesium rich silicates play an important role in the global 
carbon cycle. When silicate minerals such as plagioclase are weathered, they produce cations 
which react with carbon dioxide in water to form carbonate rock and sequester carbon dioxide.  
Example Formula: 
CaAl2Si2O8 + 2CO2 + 3H2O → Al2Si2O5(OH)4 + Ca
2+ + 2HCO3
-  
(plagioclase + carbon dioxide +water à kaolinite + calcium ion+ carbonic acid) 
Ca2+ + 2HCO3
- → CaCO3 + CO2 + H2O  
(calcium ion + carbonic acid à calcite + carbon dioxide +water) 
As shown in the example equation above, when plagioclase is weathered there is a net loss of 
one mole carbon dioxide from the atmosphere via precipitation of calcite. Andesitic ashes are 
composed of a combination of glass and minerals. One of the most common minerals in andesitic 
igneous rocks is plagioclase. (Best and Christiansen, 2001) 
There are many different factors that control the rates at which silicate minerals are weathered, 
this includes temperature, lithology, erosion rate and pH (Schopka et al., 2011, Kump and 
Brantley, 2020). Understanding the different controls on silicate weathering is important for 
understanding the global carbon cycle.  
Iron and phosphorus as limiting species  
The weathering of iron- and phosphorous-bearing minerals plays a role in the short term cycling 
of carbon dioxide. Iron and phosphorus are limiting nutrients for plants and phytoplankton. 
Therefore, the release of these nutrients by the weathering of volcanic ash can increase primary 
productivity in the ocean and on land (Karl et al., 1988). The release of these nutrients is 
dependent on multiple factors including pH (Kump and Brantley, 2020). Studying the controls 
on iron and phosphate dissolution from the weathering of volcanic ash is relevant to 
understanding the cycling of carbon dioxide on non-geologic time scales. When volcanic ashes 
fall in the ocean, the rate at which these nutrients are released is relevant for understanding what 
life will be able to access and use those nutrients.   
Bacteria can mediate the release of nutrients. The growth of iron oxidizing bacteria like 
Mariprofundus ferrooxydans have been found in association with submarine volcanoes (Hodges 
and Olson, 2008). The presence of ferric iron adsorbed onto mineral surfaces can slow 
weathering rates and dramatically decrease the amount of iron and silica released from basaltic 
minerals such as fayalite (Santelli et al., 2001). The production of ferric iron by iron oxidizing 




Dissolution of Volcanic minerals versus volcanic glass 
Weathering rates are not only controlled by environmental factors such as pH and temperature, 
but also by the structural characteristics and composition of the feature being weathered, such as 
crystallinity, surface area, and chemical constitution (Kump and Brantley, 2000; White and 
Brantley, 1995). When comparing weathering rates for basaltic and felsic rocks, basalts are 
consistently weathered more rapidly than felsic rocks. The order of magnitude at which basalts 
weather faster than felsic rocks ranges from 10-100 times (Gudbrandsson et al., 2011).  
Geologic setting  
Samples were collected from five different stratovolcanoes around the world. Studying the 
dissolution kinetics of volcanic ashes is important because volcanic islands serve as major 
weathering hot spots. Despite only making up ~ 3% of the earth’s surface, volcanic islands 
contribute ~ 30% of the global annual flux of particulate organic carbon to the ocean (lyons et 
al., 2002). Ash samples ranged in composition from basaltic andesite (Pacaya) to trachy dacite 
(Mt. Pinatubo). The SiO2 weight percent of ash samples ranges from 51.59-62.24 (Table 1). Ash 
samples also vary in size and surface area.  
Table 1. Ash Characterization Summary (Portier 2012) 
 















0.247 0.143 6.15 0.698 0.783 
SiO2 59.91 51.59 54.88 62.24 57.07 
TiO2 0.85 1.20 1.52 0.51 1.10 
Al2O3 16.43 17.61 13.75 14.53 15.65 
Fe2O3 10.97 11.1 9.72 4.47 6.65 
MnO 0.11 0.18 0.22 0.11 0.10 
MgO 4.43 4.97 2.34 2.35 2.6 
CaO 6.73 8.79 5.02 4.59 5.93 
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Na2O 3.83 3.39 9.50 7.86 8.27 
K2O 1.71 0.87 1.82 1.67 1.21 
P2O5 0.23 0.26 0.36 0.19 0.23 
Loss On 
Ignition  
0.12 0.33 0.88 1.48 1.20 
Total  101.32 99.96 99.12 98.52 98.8 
Sample concentrations had precisions of ≤0.2 and accuracy of ±2%.  
Mount Saint Helens 
Mount Saint Helens is a stratovolcano located in Washington, USA. Mt. St. Helens has a 
maximum elevation of 8,363 feet and is built up by layers of andesite and basalt with a dome 
made of dacite (Cashman et al., 2005). In May of 1980 Mt. St. Helens erupted in an enormous 
pyroclastic flow. Ash particle size ranged from 63-4,000 micrometers. Previous studies of the 
ash mineralogy show that minerals found in the ash included plagioclase, hornblende, and 
pyroxenes (Fero et al., 2008; Farlow et al., 2012).  
Mount Pinatubo 
Mount Pinatubo exists in a chain of stratovolcanoes that are a part of the Bataan calc-alkaline arc 
at the southern end of the Luzon arc. Mt. Pinatubo has a hornblende-dacite dome built upon 
sedimentary rock, pyroclastic flow deposits, lahar, and an ultra-mafic complex (Pierson et al., 
1992). June 12th -15th of 1991 Mt. Pinatubo erupted violently expelling ash, gas and lahars.  
Pacaya 
Pacaya is in Guatemala at the southern rim of Pleisticene Amatitlán caldera (Conway et al., 
1992). Pacaya has frequent mild eruptions that produce cinders. It also has some occasional 
larger explosive eruptions. The eruption of May 2010 was comparatively mild, however, it still 
greatly impacted people living in Guatemala. For three different department locations, the 
Government of Guatemala declared a State of Calamity. The coarse ash covered water drainage 
systems and increased flooding risks. It also led to the temporary closure of the international 
airport in Guatemala (United Nations, 2010).  
Tungurahua 
The Tungurahua stratovolcano is in Ecuador at the eastern Andean cordillera and is one of the 
most active volcanoes in the area (Cruz-Reyna et al., 2010). Eruptions have varied in intensity. 
The eruption of interest for this study occurred in December of 2010. It was explosive and 
resulted in fine ash. 
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Eyjafjallajökull  
The Eyjafjallajökull volcano is an ice-covered stratovolcano located in Iceland in the eastern 
volcanic zone. Iceland exists at the overlap of a spreading center and a hot spot. It is the only 
place on earth where mid ocean ridge is above sea level (Chapman, 2012).  
Eyjafjallajökull has been volcanically active for some time. Before the 2010 eruption, the last 
dated eruption began December 19th of 1821 and subsided on January first of 1823 (Global 
Volcanism Program, 2013). In 1994 and 1999 scientists in Iceland observed intrusion events, 
however, no magma reached the surface during these events (NERC, 2018). There are also 
documented eruptions back to 920 BC (Keiding and Sigmarsson, 2011).  
The 2010 eruption did not happen as one succinct event, instead occurring in phases over 
multiple days. At first, lava flowed from Eyjafjallajökull effusively. This fissure-fed phase 
allowed lava to reach maximum heights of about 100 meters, covering about 1.3 square 
kilometers with an average thickness of approximately 10-20 meters (NERC, 2018). This 
primary phase did not affect air traffic but it did impact local communities. The second phase of 
the eruption shut down air traffic for five days. Ejected ash particles reached heights of 8 km and 
about 140 million cubic meters of tephra were released in the first three days of this second 
phase eruption (NERC, 2018), which was not only more violent and impactful than the first, but 
also significantly faster. The rate of magma discharge second phase of the eruption was 10-20 
times faster than that of the first phase (Thorardson et al., 2008). 
The 2010 eruption of Eyjafjallajökull explosively expelled steam and pyroclastic fragments, 
including very fine ash. The size of ash expelled ranged from a few tens of nanometers greater 
than 300 µm in diameter. The ash contained andesitic glass, plagioclase, pyroxenes, and olivine 




Samples of ash from five different andesitic-dacitic stratovolcanoes were collected and analyzed 
for minerology using X-ray diffraction (XRD) and the PANanalytical HighScore Plus software. 
Dissolution rate experiments for silica and phosphate were conducted in synthetic sea water and 
a fresh water solution, with and without the addition of iron oxidizing bacteria. Data for silica 
and phosphate were obtained by running aliquots on the Skalar Sans++ nutrient analyzer. 
Experiments done in fresh water solution were analyzed for major cations on the Dionex DX 120 
ion chromatograph equipped with AS40 automated sampler.  
Ash Collection  
Ashes were collected from five different eruptions in various parts of the world at an assortment 
of times post eruption. Information about sample collection and storage for each eruption is 
contained in table 2. Mount Saint Helens collection timing determined through personal 
communication with Dr. Berry Lyons. 
 
Table 2. Ash Col lect ion 
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Bulk minerology of the ash samples was determined with powder X-ray diffraction (XRD) using 
a PANanylitical X-Pert Pro X-ray diffractometer. Each XRD scan measures the scattered X-ray 
intensities as a function of diffraction angle, 2-theta. The corresponding interplanar spacings (d-
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spacings) of diffracting planes in the samples can be calculated from 2-theta and the wavelength 
of incident X-radiation. For the ash scans, CuKa radiation was used, and data were acquired 
over a 2-theta range of 5.01-69.99, with an X-ray tube voltage and current 45 keV, 40mA. 
Measured intensities and 2-theta values (and corresponding d-spacings) were analyzed using the 
PANanalytical HighScore Plus software and the International Centre for Diffraction Data 
(ICDD) PDF 4+ mineral reference database. 
Solution Recipes 
Seawater Solution (Modified from that of Dr. Sue Welch, personal comment) 
0.42 M NaCl 
0.01 M KCl 
0.01 M CaCl2•H2O 
0.05 M MgCl2•6 H2O 
0.03 M NaSO4  
0.002 M NaHCO3 
Freshwater Solution (Dr. Sue Welch, Personal comment) 
0.006 M NaHCO3 
Experimental Methods 
Ash dissolution experiments were conducted in 0.5 L plastic Nalgene bottles. Each bottle was 
rinsed with deionized (18 MW) water and then soaked overnight with 18 MW water. The 
following morning the water was discarded and the 0.5 Liter Nalgene bottles were filled with 
500 ml (±3 ml) of synthetic seawater solution. Then, one gram  ±0.05 gram of ash was added to 
each bottle. A duplicate was made for each ash sample.  
Samples were taken via syringe and filtered through 0.45 µm pore size 22 mm diameter 
disposable syringe filters. The syringe was rinsed with deionized water once and threaded once 
with unfiltered sample before sampling from a different bottle of ash solution. Before dispensing 
filter sample into a new sterile Falcon Maxä tube, about one ml of the sample was released into 
the sink to rinse the filter. The same filters were used for duplicates to conserve filters. After all 
samples were collected for a single time point, the syringe was rinsed three times with 18 MW 
water, taken apart, and left to air dry at room temperature in the lab. Samples (~10 ml) were 
taken from each bottle periodically over two years. At the start of the experiment samples were 
taken in intervals a few days. Later in the experiment samples were taken over longer intervals– 
weeks to months. Samples were analyzed on the Skalar SAN++ nutrient analyzer using methods 
provided by manufacturer.  
SEM Sample Preparation  
Small portions of ash samples (<0.5 g of ash) were transferred from the 0.5 L Nalgene bottles via 
disposable plastic pipettes onto a 0.4 micron Nucleopore filter attached to a manual vacuum 
pump. The sample was pumped and filtered. The same pipette used to transfer the sample onto 
the filter was then filled with 18 MW water and used to rinse the dry ash sample with deionized 
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water. The sample was pumped dry again and attached to a small metal post by use of double 
sided carbon tape. The same pipette was used for each sample collected but rinsed once with 18 
MW water between sample collections. Samples were left out to air dry on the posts for a day on 
a lab counter. Samples were then coated with gold palladium and analyzed on the Scanning 
Electron Microscope at The Ohio State University a few days later.  
IC Sample Preparation  
Samples were poured into auto sampler vials up the marker (~5 mL). Filter caps were placed on 
unfiltered samples. Non-filter caps were placed on samples previously filtered with 0.4 µm pore 
size 22 mm diameter disposable filters. Samples and standards were then run on the Dionex DX 
120 Ion Chromatograph equipped with AS40 Automated sampler at Ohio State University using 
the methods of Welch et. al. (2010).  
Bacterial additions to experiments  
Approximately 0.5 ml of growth medium containing Marifundus ferrooxydans was added to one 
set of the marine duplicates 259 days into the dissolution experiment. 0.5 ml of growth medium 
containing Sideroxydans lithotrophicus was added at the beginning of the freshwater dissolution 
experiments.  
Freshwater microaerophilic lithotrophs (Clara Chan, personal communication) 
 Modified Wolfe’s mineral medium (MWMM) per 1 L DI water 
 1 g NH4Cl 
 0.2 g MgSO4⋅7H20 
 0.1 g CaCl2⋅2H2O 
 0.05 g K2HPO4 
 
Saltwater microaerophilic lithotrophs (Clara Chan, personal communication): 
 Artificial saltwater (ASW) per 1 L DI water 
 27.5 g NaCl 
 5.38 g MgCl2⋅6H2O 
 6.78 g MgSO4⋅7H2O 
 0.72 g KCl 
 0.2 g NaHCO3 
 1.4 g CaCl2⋅2H2O 
 1.0 g NH4Cl 





X-ray diffraction analysis for mineralogy identified some composition of plagioclase in each ash 
sample. Feldspars were identified in all samples and the feldspar compositions varied from more 
sodium rich to more calcium rich. Pyroxenes were identified in Tungurahua and Mount Saint 
Helens ash samples. Apatite, a phosphate mineral, was identified in ash from Mount Saint 
Helens, Mount Pinatubo, and Eyjafjallajökull. There were peaks in the spectra that were not 
attributed to minerals, so further analysis needs to be done.  
 
Table. 3 Minerology of Ash Samples Determined by X-ray Dif fract ion 



























































Figure 2. X-ray diffraction results of Tungurahua and Pinatubo ash samples.  
 12 
  
Figure 3. X-ray diffraction graphs for Mount Saint Helens ash samples (2-theta Cu vs counts).  
Silica and phosphate release rates  
The entire marine dissolution experiment spanned 834 days. Mariprofundus ferrooxydans were 
added to set 2 of marine dissolution experiments on day 260. Silica release rates over the course 
of the entire experiment were non-linear. However, release of Si was approximately linear when 
looking at three time segments of the experiment: initial, middle, and long term (Figure 4). Rates 
for marine experiments were calculated by linear fit in these three different time segments. The 
first 15 days yielded the highest release rates and were used to calculate the initial silica release 
rates. The next 245 days of the marine experiments were used to calculate the slower, middle 
rates. Long term marine Si dissolution rates solution were calculated from the over the final 574 
days.  
Fresh water experiments were conducted over 578 days, though because sampling frequency 
differed between these and the marine experiments, ash dissolution rates were calculated with a 
linear fit over two major time periods, initial and long term. The long term rates for fresh water 
experiments were calculated with only two time points. Release rates of silica were highest 
within the first 17 days and then slowed over next 561 days. Phosphate concentration 
measurements over the course of the experiments were frequently at or below the detection limit 
of the Sans Skalar++ nutrient analyzer and showed no systematic increase (Figure 5). The 






























Release of Silica in Artificial Seawater (over entire length of experiment:834 days)
Eyjafjallajökull 2 Mnt. St. Helens 2 Pacaya 2 Pinatubo 1 Tungurahua 1






























Release of Silica in Artificial Seawater Before Addition of Bacteria
Eyjafjallajökull 2 Mnt. St. Helens 2 Pacaya 2 Pinatubo 1 Tungurahua 1
Eyjafjallajökull 1 Mnt. St. Helens 1 Pacaya 1 Pinatubo 2 Tungurahua 2
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Figure 4. Marine Si release graphs: full length of experiment (834 days), before addition of  
Mariprofundus ferrooxydans (first 260 days), initial release ( first 15 days).  
 


























Release of Silica in Artificial Seawater (First 15 Days, no added bacteria) 
Eyjafjallajökull 2 Mnt. St. Helens 2 Pacaya 2 Pinatubo 1 Tungurahua 1


























Marine Phosphate Release as a Function of Time
Eyjafjallajökull  2 Mount Saint Helens 1 Pacaya 1 Pacaya 2
Pinatubo 1 Pinatubo 2 Tungurahua 1 Tungurahua 2




















Si Release in Freshwater Solution as a Function of Time  
EyjafjallajökullA Eyjafjallajökull B Mount Saint Helens A Mount Saint Helens B

























Silica Release in Freshwater Solution  Over Time (first 17 days) 
Mnt. St. Helens A Mnt. St. Helens B Pacaya A Pacaya B Pinatubo A
Pinatubo B Tungurahua A Tungurahua B Eyjafjallajökull A Eyjafjallajökull B
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Figure 6. Si release in freshwater solution over time: Full 578 days, First 17 days, A indicates no 
addition of bacteria, B indicates addition of Sideroxydans lithotrophicus 
 
Figure 7. Si release over time for both marine and freshwater experiments (full length of 
experiments) 
Si release rates in freshwater were similar or slightly faster than their marine counterparts until 
around 260 days into dissolution experiments. Around this time, the release rate of Si from many 
samples in marine solution began to decrease. Whereas, the Si release rate of samples in 
freshwater solution did not systematically slow down and dissolved Si concentrations of 
freshwater experiments surpassed those of all their marine counterparts (Figure 7).  
Initial marine Si release rates of duplicates were comparable to each other. The difference 
between initial marine duplicate Si release rates ranged 0.00–0.68•10-6 µmole Si•m-2•s-1. Marine 
Si release rates of sets one and two remained similar after the addition of Mariprofundus 




















Si Release as a Function of Time   
EyjafjallajökullA Eyjafjallajökull B Mount Saint Helens A Mount Saint Helens B Tungurahua A
Tungurahua B Pacaya A Pacaya B Pinatubo A Pinatubo B
Pinatubo 1 Pinatubo 2 Tungurahua 1 Tungurahua 2 Eyajafjallajökull 1
Eyajafjallajökull 2 Mount Saint Helens 1 Mount Saint Helens 2 Pacaya 1 Pacaya 2
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Table 4. Comparing initial silica release rates (fresh vs. marine) 
Ash Sample Initial freshwater 
release rate 
(first 17 days) 
(µmole Si•m-2•s-1) 
Ash Sample Initial marine release rate   
(first 15 days) 
(µmole Si•m-2•s-1) 
Eyjafjallajökull A 1.55E-06 Eyjafjallajökull 1 1.15E-06 
Eyjafjallajökull B 1.40E-06 Eyjafjallajökull 2 1.19E-06 
Mt. St. Helens A 3.06E-06 Mt. St. Helens 1 3.04E-06 
Mt. St. Helens B 3.25E-06 Mt. St. Helens 2 2.58E-06 
Pacaya A 6.90E-06 Pacaya 1 2.44E-06 
Pacaya B 6.71E-06 Pacaya 2 2.34E-06 
Pinatubo A  2.66E-06 Pinatubo 1  2.35E-06 
Pinatubo B 2.67E-06 Pinatubo 2 2.35E-06 
Tungurahua A 1.83E-06 Tungurahua 1 1.71E-06 
Tungurahua B 1.91E-06 Tungurahua 2 1.03E-06 
*A indicates no addition of bacteria 
**B indicates the addition of Sideroxydans lithotrophicus 
Silica dissolution rates were converted to units of µmole Si•m-2•s-1  to normalize rates for 
specific surface area of ash and for comparison to previous rate studies. Ash from 
Eyjafjallajökull on average, had the slowest initial release rate of silica in fresh and marine 
experiments, when normalized to surface area (Table 4). Pacaya had the fastest initial silica 
release rate of the freshwater experiments. There was no systematic difference between 








Table 5. Comparing long term silica release rates  
Ash Sample Final 
Freshwater 
release rate  




Ash Sample Middle Marine 
release rate   
(from day 15 to 





Final marine Si 
release rate  
(Mariprofundus 
ferrooxydans 
added to set 2 on 
day 260.5) 
(day 260 to 834) 
(µmole Si•m-2•s-
1) 
Eyjafjallajökull A 1.12E-07 Eyjafjallajökull 1 1.40E-07 2.09E-08 
Eyjafjallajökull B 1.18E-07 Eyjafjallajökull 2 1.52E-07 2.16E-08 
Mt. St. Helens A 6.04E-07 Mt. St. Helens 1 7.97E-07 2.07E-07 
Mt. St. Helens B 5.94E-07 Mt. St. Helens 2 8.49E-07 1.98E-07 
Pacaya A 3.50E-06 Pacaya 1 2.83E-06 3.22E-07 
Pacaya B 3.60E-06 Pacaya 2 2.83E-06 1.20E-06 
Pinatubo A  5.36E-07 Pinatubo 1  4.67E-07 2.16E-07 
Pinatubo B 5.40E-07 Pinatubo 2 5.77E-07 1.68E-07 
Tungurahua A 1.39E-06 Tungurahua 1 1.10E-06 4.35E-07 









Table 6. Comparing initial, middle, and final marine Si release 
Sample Initial marine 
Si release rate  
 
(first 15 days) 
(µmole Si•m-
2•s-1) 
Middle marine Si 
release rate 
   
(from day 15 to day 
260 before addition of 
bacteria) 
(µmole Si•m-2•s-1) 
Final marine Si release rate  
(Mariprofundus ferrooxydans 
added to set 2 on day 260.5) 




1.15E-06 1.40E-07 2.09E-08 
Eyjafjallajökull 
2 
1.19E-06 1.52E-07 2.16E-08 
Mt. St. Helens 1 3.04E-06 7.97E-07 2.07E-07 
Mt. St. Helens 2 2.58E-06 8.49E-07 1.98E-07 
Pacaya 1 2.44E-06 2.83E-06 3.22E-07 
Pacaya 2 2.34E-06 2.83E-06 1.20E-06 
Pinatubo 1  2.35E-06 4.67E-07 2.16E-07 
Pinatubo 2 2.35E-06 5.77E-07 1.68E-07 
Tungurahua 1 1.71E-06 1.10E-06 4.35E-07 
Tungurahua 2 1.03E-06 1.11E-06 4.21E-07 
Marine release rates of Si on average were fastest the first 15 days of dissolution experiments 
and slowed over time.  
Cation data 
Concentration of dissolved major cations were measured for fresh water experiments on the ion 
chromatograph at three time points spanning 530 days. Cations measured include calcium, 
potassium, lithium, sodium, and magnesium. Overall, sodium was the most abundant cation in 
every sample. This was not corrected for the amount of sodium present in the freshwater solution 
recipe. The next most abundant cation was calcium. Detectable cation concentrations increased 
within the first two weeks of dissolution and then remained approximately stable over time. Most 
measurements for lithium were below the detection limit for the instrument. Potassium 
concentrations were below detection for many samples. Eyjafjallajökull ash samples had some 
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detectable concentrations measured that indicated no change in concentration of potassium over 
530 days.  
 
 
Figure 8. Calcium concentrations in freshwater samples of set A (the set without added bacteria). 
Scanning electron microscope results 
Pictures of ash samples were taken at the conclusion of dissolution experiments on the scanning 
electron microscope (SEM). Dissolution etch pits were not observed on any of the samples, 
mineral surfaces had sharp edges and there were abundant fine particles throughout the samples. 





























Mnt.	St.	Helens	A Tungurahua	A Pinatubo	A Pacaya	A EyjaMjallajökull		A
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Figure 9.  SEM image of Mount Saint Helens ash sample at conclusion of marine dissolution 
experiments.  
Mount Saint Helens ash samples contained a combination of glassy and crystalline materials. 
This is clearly shown by the variety of shapes and textures displayed in fFgure 9. The SEM 
image of Mt. St. Helens ash (Figure 9) shows a crystalline structure in the center of the page. It is 
composed of silica, oxygen, aluminum, and sodium. This along with the shape, suggest that it 
could be sodium rich plagioclase. The mineral in the center is situated between lighter colored 
glassy structures. The difference in grayscale indicates that the glass contains heavier elements 
than the mineral. At the top of the image there is a gray glassy body with lighter crystalline 




Figure 10. Mt. St. Helens ash sample post marine dissolution experiments: top left 10.a, top 
right 10.b: Organic material as seen in bottom left of 10.a.. Bottom left image: Mt. St. Helens ash 
sample post marine dissolution experiments: tube structure. 
The most evidence of organic material was observed on the Mt. St. Helens ash samples. The 
extent of organic material present is displayed in SEM image of the ash (Figure 10). The large 
dark feature in the bottom left of image, engulfing the lighter gray material, is composed mainly 
of carbon. The dark gray undulating organic material is shown in more detail in Figure 10.b. The 
dark organic material is covered with small fragments of glass. The lighter fragments are likely 
iron-rich based on the measured chemical composition of larger visually similar structures found 
in the Mt. St. Helens ash sample. Tube shaped structures were observed surrounded by organic 
material encrusted in ash fragments (Figure 10).  
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Figure 11.  Left:  figure 11.a: Pacaya Ash samples at  conclusion of freshwater 
dissolut ion experiment . Right: figure 11.b,  close image of tube st ructure seen 
in 11.a  
 
Light colored features, largely composed of Ti, Fe and oxygen, were observed on the surface of 
Pacaya ash samples (Figures 11.a and 11.b). These iron hydroxides have a feathery texture and 
appear on the surface of a glassy specimen, suggesting they may be the result of devitrification. 
The surface of the glassy specimen also displays small fractures and vesicles (Figure 11a). Tube 
structures similar to those observed in Mt. St. Helens ash samples were also observed scarcely on 
Pacaya ash samples. The tube structures can be seen cutting across the middle of the specimen 
(Figure 11a). The tube structure has been altered (Figure 11b); it is not a complete tube like the 
tube viewed on Mt. St. Helens ash. It seems to have burst or been eroded. The tube was too small 
and thin to get a proper measurement of chemical composition. However, based on the light 
color, it likely contains iron.  
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Figure 12 . Right : 12a: Tungurahua ash after  freshwater dissolution 
experiments. Left : 12b close view of light  colored altered mineral on surface 
of ash Tungurahua ash part icle . 
 
Tungurahua ash consists mainly of medium to dark gray glassy material with small light colored 
crystalline features (Figure 1.a). The SEM image from Tungurahua (Figure 12b) shows a light-
colored mineral in the center, which is highly altered with iron oxides forming on surface. The 
shape along with knowledge of minerology from X-ray diffraction suggests that the altered 
mineral may have been a pyroxene. It is surrounded by darker, less iron rich, glassy material.  
 
 
F igure 13 . Tungurahua ash post f reshwater dissolut ion experiments 
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The SEM image of Tungurahua ash (Figure 13) shows pits on the surface of glass fragments full 
of smaller glassy material. This displays the rougher texture present in small concentrated areas 
of Tungurahua ash.  
 
 




Figure 15. Detector energy dispersive x-ray spectrometer (EDX) reading of mineral in 
Eyjafjallajökull  ash displayed in bottom left image of Figure 14  
Eyjafjallajökull ash had the highest specific surface area of all the ash samples. The 
Eyjafjallajökull ash has many very fine fragments and a rough surface (Figure 14). Most of the 
ash is a medium gray andesitic glass. The lighter euhedral mineral (bottom left image of Figure 
14) was composed of silica, oxygen, iron, magnesium and calcium which suggests that it is likely 










F igure 16 . Pinatubo ash af ter freshwater dissolut ion experiments. 16a ( top 
lef t) ,  16b ( top r ight),  16c (bottom left) ,  16d (bot tom right) .  
 
Pinatubo ash samples consist of glassy and crystalline structures (Figure 16). Some large light 
colored minerals had glassy features on the surface that look like ruptured bubbles (Figure 16d). 
Within these features small crystalline structures were observed that consisted of mainly calcium 
and phosphorous, indicating that they are likely small apatite crystals. Pinatubo ash samples 
display a range of textures. Many glasses are highly vesicular (Figures 16a, 16b, 16c), while 





Silica Dissolution  
Dissolution rates observed of andesitic ashes in fresh water solution and marine solution can be 
compared to similar experiments done conducted at circumneutral pH. Initial silica release rates 
normalized for specific surface area were slowest for Eyjafjallajökull , in marine and freshwater 
experiments. In previous experiments preformed at neutral pH, with samples from the same five 
eruptions, Eyjafjallajökull also had the slowest silica release rate (Portier, 2012). However, in the 
same work, Tungurahua was found to have a faster silica release rate than Pacaya by 
approximately 0.3 (log(µmol Si•m-2•s-1)), whereas in this study, Pacaya was found to have a 
faster release rate of silica in fresh and marine solutions. Pacaya ash is compositionally the least 
felsic of the five different eruptions (51.59 wt %).  
Pacaya ash also had the smallest specific surface of 0.143 m2/g, among the ash samples 
tested(Portier 2012). Since the measured specific surface area of Pacaya ash was so small, 
normalizing release rates for surface area had little impact on the dissolution rates. Ash from 
Eyjafjallajökull had the highest measured specific surface area before dissolution experiments 
(6.15 m2/g). This means that normalizing release rates for specific surface area lowered them 
much more for Eyjafjallajökull compared to Pacaya and Tungurahua. Surface area is an 
important variable when it comes to weathering rates, however, not all surface area is equally 
reactive. Other work has suggested that geometric specific surface area of glasses is more 
proportional to their dissolution rate than BET specific surface area (Wolff-Boenisch et al., 
2004). BET surface area can account for potentially unreactive internal micropores (Anbeek 
1992, 1993).  
In general, release of silica was equivalent or slightly faster in freshwater solution compared to 
marine solution. This is somewhat unexpected. Previous work found that amorphous silica 
dissolves much faster in the presence of salts (Dove et al., 2008). However, the freshwater 
experiments were not done in pure deionized 18 MW water. They were performed in a dilute 
sodium bicarbonate solution. Statistical analysis was not done on the significance of the 
freshwater rates compared to the marine release rates.  
Silica release can also be compared to glass dissolution experiments done in basic and acidic 
conditions. Based on a previous study of dissolution of andesitic ashes, silica release increased 
by orders of magnitude with decreasing pH (Portier, 2012). Near neutral pH dissolution rates of 
crystalline basalt from other studies ranged ~2–10 times faster than initial marine rates 
determined in this study (Gudbrandsson et al., 2011). Rates determined from basaltic glass 
ranged from 1.38*10-15(mol Si/cm2/s) to 4.17*10-15(mol Si/cm2/s) (Gislason and Oelkers, 2003).  
 
Phosphate Release 
Phosphate release was not as consistent as silica release. Rates estimated using a linear fit were 
approximately 0 µmol P/gram ash/day for all experiments. This is consistent with phosphorous 
release rates conducted at pH 4 for glasses over range of compositions, mafic to felsic (Wolff-
Boenisch, 2004). Unaltered apatite crystals were identified via SEM on Pinatubo ash. Apatite is a 
key potential source of dissolved phosphate. Dissolution experiments preformed in acidic 
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solution with ashes from Mount Saint Helens and Mount Pinatubo resulted in the dissolution of 
apatite crystals (Portier, 2012).  
Dissolution of apatite would be the primary mineralogical source of phosphate from Pinatubo, 
Eyjafjallajökull, and Mount Saint Helens ashes. No hexagonal dissolution pits were found via 
SEM imaging at the conclusion of dissolution experiments. Crystals of not visibly altered apatite 
were found on the surface Pinatubo ashes. The apatite in Mount Pinatubo ash was determined by 
XRD analysis to contain Fluorine. Fluorine bearing apatite is less soluble than non-fluorine 
bearing apatite (Rey, 2008). Anhydrite was identified only in ash from Mount Pinatubo.  Quartz 
was identified in Mount Saint Helens and Mount Pinatubo ash.  
Minerology 
Based on XRD plagioclase was confirmed to be present in all samples and appeared to be the 
most abundant mineral phase based on the peak intensities in the XRD spectra. SEM analysis 
also indicated the presence of crystalline structures and glasses with a range of compositions 
across eruption samples. More sodium rich plagioclase was identified via XRD in ash samples 
from Tungurahua, Mount Pinatubo and Eyjafjallajökull. More calcium rich plagioclase was 
identified in ash samples from Mount Saint Helens and Pacaya. Pyroxenes were identified in ash 
from Tungurahua and Mount Saint Helens. Apatite was identified in ash from Eyjafjallajökull, 
Mount Saint Helens, and Mount Pinatubo.  
Analyses of pumice and scoria from the 1991 Pinatubo eruption done by Pallister and colleagues 
(1992) found accessory olivine and quartz present, indicating a state of disequilibrium.  Olivine 
was not identified in that study by SEM or XRD. However, this does not mean it was not present 
at all. It is possible that it existed in very small amounts. Analyses of Pinatubo ash via XRD 
indicated the presence of calcian albite, quartz, hornblende, and anhydrite. Evidence of quartz, 
apatite, and plagioclase were also supported by SEM analysis. EDX analysis suggested that the 
calcain albite in the Pinatubo ash was near the composition of oligoclase. These phases were 
reported in other studies (Pallister et al., 1992; Jakubowski et al., 2002).  
Analysis of Mount Saint Helens ash on the SEM showed evidence of plagioclase crystals and 
glasses with composition near laboradorite. X-ray Diffraction results for plagioclase present best 
matched with sodian anorthite. It is possible that glasses and crystals exist within a range of 
composition from labradorite to anorthite. X-ray Diffraction analysis of Mount Saint Helens ash 
indicates that pigeonite and quartz were also present. SEM analysis also provides support of their 
presence. Others have found plagioclase, hornblende, and pyroxenes (Pallister 1991; Farlow et 
al, 2012) 
Analysis of Pacaya ash via XRD resulted in all major peaks being matched by sodian anorthite. 
SEM analysis showed evidence of iron hydroxides on the surface of glasses and some features 
with a composition similar to bytownite. Other studies have found plagioclase, olivine, and 
pyroxene (Bollasnia 2014; Hernandez personal communication 2020).  
Tungurahua XRD analysis indicated the presence of albite, pigeonite, and augite. Evidence for 
pigeonite and plagioclase were found on the SEM. Analysis of Tungurahua ash and rock by 
others has reported plagioclase, pyroxenes, and Fe-Ti oxides present (Nauret et al., 2018). 
X-ray diffraction of Eyjafjallajökull ash matched major peaks for anorthoclase and Sr bearing 
apatite. SEM analysis supported the finding of plagioclase and glass. It has been determined by 
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others that ash from the same eruption contained mostly andesitic glass, with the most abundant 
mineral being plagioclase. Pyroxenes and olivine were also observed (Gislason et al., 2010).  
Dissolution rates and iron oxidizing bacteria 
The addition of iron oxidizing bacteria did not have an apparent effect on the dissolution of silica 
or phosphate in these experiments. The bacteria used in these experiments are neutrophilic and 
microaerophilic. It is possible that bacteria existed on samples, however, it was not observed via 
SEM. It is also possible that the bacteria observed died in solution above the ash, settled to the 
bottom over time. It is unknown how much of the bacteria survived since no quantitative 
measurements were taken regarding their growth.  
In experiments at lower pH done on more mafic material, the addition of iron oxidizing bacteria 
greatly inhibited dissolution (Santelli et al., 2001). Ashes are composed of minerals and glasses. 
The surfaces of these ashes are not all equally reactive. Silica-rich glasses dissolve orders of 
magnitude faster than minerals of comparable composition (Wolf-Boenisch et al., 2005). Key 
sites of dissolution can be covered by the bacterially mediated precipitation of iron 
oxyhydroxides.  
Release rates of silica for andesitic ashes increase with decreasing pH (Kump and Brantley, 
2000). It is possible that a combination of relatively slow dissolution and slow, or zero growth of 
bacteria worked together to make the difference between abiotic and biotic release rates 
negligible.  
 
Cation release and context for the global carbon cycle 
The release of Ca and Mg cations into water systems is important for the eventual precipitation 
of calcite and dolomite, which sequester carbon dioxide (Berner et al., 1983; Berner, 1999). In 
this experiment, although silica was released continuously, the concentration of free calcium 
increased slightly initially, and then remained constant. Silica dissolution was originally meant to 
be used as a proxy for the dissolution of Ca-Mg Silicate minerals and glasses, however, that may 
not be a reliable method in this case. In previous dissolution experiments preformed on volcanic 
ashes, initial concentrations of dissolved calcium, magnesium, and sodium, were attributed to the 
rapid dissolution of surface salts (Olsson et al., 2013). The release rates of key metals, including 
calcium, magnesium, and iron, in basic and acidic conditions vary exponentially based on the 
silica content of the glasses being weathered. Release rates are drastically slower with increasing 
silica content (Wolff-Boenisch et al., 2004). The silica and calcium content of glass are major 
controls on thermodynamic stability of glasses (Perrett et al., 2003).  
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CONCLUSIONS 
In near neutral pH solutions, with and without marine salts, basaltic andesitic to trachy-dacitic 
ashes, when normalized for surface area, weather at comparable rates. Concentrations of 
dissolved silica increased over time for all ash samples. Concentrations of dissolved phosphate 
remained low and approximately constant over time.  The first two weeks of the experiment 
yielded the highest release rates of Si. The presence of iron oxidizing bacteria did not alter any 
overall weathering trends. However, the effect of iron-oxidizing bacteria has on weathering rates 
of andesitic ashes was not conclusive in this study due to lack of evidence that the bacteria added 
survived, and absence of growth measurements.  
Minerology determined by X-ray diffraction and SEM imaging were consistent with previous 
investigation of mineralogy of ashes from the same eruptions. SEM analysis at the conclusion of 
dissolution experiments showed alteration of pyroxenes on ash from Eyjafjallajökull and 




RECOMMENDATIONS FOR FUTURE WORK 
Since bacterial growth was not well documented in this study, in future work it should be 
measured periodically, perhaps with growth curves or fluorescence microscopy. The bacteria 
used were aerotactic and prefer low concentrations of oxygen; it is possible dissolved oxygen 
was too high in the experiments and no growth occurred. Therefore, measuring dissolved oxygen 
could be useful. Adding carbon dioxide to the system to enhance growth could aid in 
illuminating the effect of the bacteria on weathering rates.  
Growth of bacteria are not uniformly distributed throughout environments with chemical 
gradients. A shaker table could be used to continually mix samples at regular time intervals. This 
would aid in dispersion of microsites of bacterial activity, electron donors and acceptors, and 
homogenize water chemistry.  
Phosphate concentration measurements were low throughout the experiments. In the future, it 
would be of use to run samples multiple times to better determine error present in each 
measurement. Final phosphate concentrations were not able to be measured due to issues with 
the Skalar San++ nutrient analyzer and then an ensuing pandemic. In the future, samples could 
be re- analyzed.   
Dissolved iron was not successfully detected in these experiments via the ferrozine method. To 
amend the limit of detection issue, dissolved iron concentrations could instead be measured via 
ICPMS.  
Geochemical modeling by PHREEQ could aid in understanding controls on dissolution and 
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 CATION SUMMARY REPORT      
        
No. Name Time  Area  Rel.Area  Height  Rel.Height  Amount  
    min µS*min % µS %   
    Lithium Lithium Lithium Lithium Lithium Lithium 
    ECD_1 ECD_1 ECD_1 ECD_1 ECD_1 ECD_1 
1 IC n.a. n.a. n.a. n.a. n.a. n.a. 
2 q n.a. n.a. n.a. n.a. n.a. n.a. 
3 STD B 2.833   0.0007   0.64 0.01   1.36 0.7244   
4 STD 1 2.847   0.0041   0.89 0.03   2.05 0.7933   
5 STD 2 2.864   0.0089   1.00 0.05   2.39 0.8672   
6 STD 3 2.870   0.0231   1.19 0.12   2.89 0.8958   
7 STD 4 2.890   0.0486   1.39 0.23   3.19 0.9426   
8 STD 5 2.910   0.1041   1.34 0.48   2.71 1.0090   
9 STD 6 2.907   0.2586   1.32 1.11   1.78 1.0022   
10 STOCK STD 2.883   0.4954   1.12 1.88   1.30 0.9602   
11 CHECK STD (sUB IN STOCK) 2.927   0.2871   8.15 1.32   13.81 0.5564   
12 usgs n.a. n.a. n.a. n.a. n.a. n.a. 
13 TAP 2.830   0.0011   0.01 0.01   0.03 0.0021   
14 TAP 2.827   0.0010   0.01 0.01   0.03 0.0019   
15 5 2.890   0.1202   1.57 0.66   2.90 0.2330   
16 6 2.904   0.2902   1.28 1.30   1.89 0.5624   
17 STOCK 2.880   0.6363   1.29 2.26   1.48 1.2332   
18 CHECK 2.924   0.2971   8.28 1.38   14.29 0.5759   
19 Q 2.850   0.0003   0.00 0.00   0.00 0.0006   
20 PIN A JAN7 2.827   0.0001   0.00 0.00   0.00 0.0002   
21 PAC A JAN 7 2.857   0.0001   0.00 0.00   0.00 0.0001   
22 TUN A JAN7 2.864   0.0001   0.00 0.00   0.00 0.0001   
23 MSH A JAN7 2.877   0.0000   0.00 0.00   0.00 0.0001   
24 ICE A JAN7 2.847   0.0002   0.00 0.00   0.00 0.0004   
25 ICE B JAN 7 2.853   0.0002   0.00 0.00   0.00 0.0004   
26 PIN B JAN 7 2.847   0.0001   0.00 0.00   0.00 0.0001   
27 PAC B JAN 7 2.894   0.0001   0.00 0.00   0.00 0.0002   
28 TUN B JAN 7 2.844   0.0001   0.00 0.00   0.00 0.0002   
29 MSH B JAN7 2.877   0.0001   0.00 0.00   0.00 0.0002   
30 ICE B JAN 7 2.867   0.0002   0.00 0.00   0.00 0.0004   
31 ICE A SEP95.2018 2.847   0.0002   0.00 0.00   0.00 0.0003   
32 PAC A SEP5.2018 n.a. n.a. n.a. n.a. n.a. n.a. 
33 PIN A SEP5.2018 2.847   0.0001   0.00 0.00   0.00 0.0002   
34 TUN A SEP5.2018 n.a. n.a. n.a. n.a. n.a. n.a. 
35 MSH A SEP5.2018 2.833   0.0001   0.00 0.00   0.00 0.0001   
36 FRESHBASE n.a. n.a. n.a. n.a. n.a. n.a. 
37 ICE B SEP 5. 2018 2.860   0.0002   0.00 0.00   0.00 0.0004   
38 PAC B SEP 5.2018 n.a. n.a. n.a. n.a. n.a. n.a. 
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39 PIN B SEP 5.2018 2.890   0.0001   0.00 0.00   0.00 0.0001   
40 TUN B SEP5.2018 2.874   0.0000   0.00 0.00   0.00 0.0001   
41 MSH B SEP5.2018 2.863   0.0001   0.00 0.00   0.00 0.0002   
42 FRESH BASE 2 n.a. n.a. n.a. n.a. n.a. n.a. 
43 ICE A 7/19/2018 2.860   0.0001   0.00 0.00   0.00 0.0003   
44 PAC A 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
45 PIN A 7/19/2018 2.837   0.0001   0.00 0.00   0.00 0.0001   
46 TUN A 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
47 MSH A 7/19/2018 2.887   0.0001   0.00 0.00   0.00 0.0002   
48 MIILIQ n.a. n.a. n.a. n.a. n.a. n.a. 
49 ICE B 7/19/2018 2.873   0.0001   0.00 0.00   0.00 0.0002   
50 PAC B 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
51 PIN B 7/19/2018 2.854   0.0001   0.00 0.00   0.00 0.0002   
52 TUN B 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
53 MSH B 7/19/2018 2.887   0.0000   0.00 0.00   0.00 0.0001   
54 FRESHBASE 3 n.a. n.a. n.a. n.a. n.a. n.a. 
55 Q n.a. n.a. n.a. n.a. n.a. n.a. 
56 Q n.a. n.a. n.a. n.a. n.a. n.a. 
57 Q n.a. n.a. n.a. n.a. n.a. n.a. 
58 Q n.a. n.a. n.a. n.a. n.a. n.a. 
59 Q n.a. n.a. n.a. n.a. n.a. n.a. 
60 Q n.a. n.a. n.a. n.a. n.a. n.a. 
61 Q n.a. n.a. n.a. n.a. n.a. n.a. 
62 Q n.a. n.a. n.a. n.a. n.a. n.a. 
63 Q n.a. n.a. n.a. n.a. n.a. n.a. 
64 Q n.a. n.a. n.a. n.a. n.a. n.a. 
65 Q n.a. n.a. n.a. n.a. n.a. n.a. 
66 Q n.a. n.a. n.a. n.a. n.a. n.a. 
67 Q n.a. n.a. n.a. n.a. n.a. n.a. 
68 Q n.a. n.a. n.a. n.a. n.a. n.a. 
69 Q n.a. n.a. n.a. n.a. n.a. n.a. 
70 Q n.a. n.a. n.a. n.a. n.a. n.a. 
71 Q n.a. n.a. n.a. n.a. n.a. n.a. 
  Sum: 114.697   2.579   29.490   10.865   52.105   10.365   
  Average: 2.867   0.064   0.737   0.272   1.303   0.259   
  Rel.Std.Dev: 0.911 % 226.776 % 247.044 % 212.400 % 240.797 % 156.189 % 
        
No.  Name  Time Area  Rel.Area  Height  Rel.Height  Amount  
    min µS*min % µS %   
    Sodium Sodium Sodium Sodium Sodium Sodium 
    ECD_1 ECD_1 ECD_1 ECD_1 ECD_1 ECD_1 
1 IC 3.35 0.002 4.10 0.011 8.88 0.0107 
2 q 3.34 0.000 1.27 0.002 2.78 0.0022 
3 STD B 3.39 0.032 27.53 0.155 41.11 90.6253 
4 STD 1 3.48 0.175 37.86 0.541 41.09 99.0547 
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5 STD 2 3.55 0.364 40.90 0.896 40.00 103.1202 
6 STD 3 3.59 0.906 46.57 1.792 43.32 102.6111 
7 STD 4 3.52 1.811 51.79 3.777 52.81 102.5029 
8 STD 5 3.41 3.558 45.74 11.721 66.01 100.6972 
9 STD 6 3.39 8.812 45.14 42.554 67.85 99.7578 
10 STOCK STD 3.38 18.435 41.67 91.494 63.24 104.3510 
11 CHECK STD (sUB IN STOCK) 3.44 0.371 10.53 1.744 18.26 2.0994 
12 usgs 3.41 5.298 34.07 23.554 60.71 29.9916 
13 TAP 3.41 3.386 30.64 13.926 53.80 19.1648 
14 TAP 3.41 3.085 28.33 12.389 50.22 17.4616 
15 5 3.40 3.747 48.85 15.734 68.69 21.2077 
16 6 3.39 9.363 41.37 45.702 66.25 53.0012 
17 STOCK 3.38 19.457 39.41 94.780 62.08 110.1390 
18 CHECK 3.43 0.380 10.60 1.810 18.75 2.1531 
19 Q 3.50 41.572 98.46 217.849 99.27 235.3196 
20 PIN A JAN7 3.50 41.140 98.36 215.006 99.37 232.8795 
21 PAC A JAN 7 3.50 41.487 99.26 217.047 99.65 234.8397 
22 TUN A JAN7 3.51 41.442 99.55 218.509 99.77 234.5865 
23 MSH A JAN7 3.51 41.640 99.63 217.440 99.82 235.7068 
24 ICE A JAN7 3.50 40.488 98.43 215.311 99.29 229.1855 
25 ICE B JAN 7 3.51 40.842 98.34 215.984 99.25 231.1882 
26 PIN B JAN 7 3.51 41.405 98.49 212.390 99.41 234.3779 
27 PAC B JAN 7 3.53 42.857 99.24 219.097 99.63 242.5983 
28 TUN B JAN 7 3.53 42.350 99.22 216.276 99.60 239.7273 
29 MSH B JAN7 3.53 41.574 99.21 214.759 99.61 235.3320 
30 ICE B JAN 7 3.53 41.287 98.34 214.746 99.26 233.7083 
31 ICE A SEP95.2018 3.52 41.928 98.58 218.629 99.33 237.3392 
32 PAC A SEP5.2018 3.50 42.496 99.67 217.804 99.84 240.5523 
33 PIN A SEP5.2018 3.52 44.791 99.30 226.909 99.68 253.5426 
34 TUN A SEP5.2018 3.52 45.038 99.65 227.546 99.82 254.9437 
35 MSH A SEP5.2018 3.51 42.390 99.29 218.480 99.67 239.9550 
36 FRESHBASE 3.47 22.365 99.71 114.216 99.86 126.5979 
37 ICE B SEP 5. 2018 3.52 41.419 98.56 216.643 99.39 234.4555 
38 PAC B SEP 5.2018 3.53 43.432 99.44 219.944 99.71 245.8525 
39 PIN B SEP 5.2018 3.56 53.735 95.14 266.976 98.23 304.1738 
40 TUN B SEP5.2018 3.55 44.591 98.91 228.141 99.43 252.4093 
41 MSH B SEP5.2018 3.53 42.914 99.27 219.781 99.63 242.9195 
42 FRESH BASE 2 3.48 30.429 99.87 157.808 99.94 172.2478 
43 ICE A 7/19/2018 3.52 42.546 98.59 217.868 99.30 240.8378 
44 PAC A 7/19/2018 3.52 42.592 99.61 217.730 99.81 241.0970 
45 PIN A 7/19/2018 3.52 42.191 98.55 215.224 99.38 238.8241 
46 TUN A 7/19/2018 3.52 43.225 99.63 220.404 99.81 244.6784 
47 MSH A 7/19/2018 3.53 43.176 99.06 220.201 99.56 244.4016 
48 MIILIQ 3.43 0.013 12.64 0.063 14.05 0.0711 
49 ICE B 7/19/2018 3.53 42.479 98.47 217.476 99.31 240.4546 
 38 
50 PAC B 7/19/2018 3.54 43.185 99.12 220.318 99.56 244.4524 
51 PIN B 7/19/2018 3.56 50.155 98.86 254.386 99.46 283.9071 
52 TUN B 7/19/2018 3.52 42.784 98.80 221.087 99.41 242.1808 
53 MSH B 7/19/2018 3.52 43.990 98.92 226.034 99.48 249.0067 
54 FRESHBASE 3 3.51 34.539 99.90 179.529 99.95 195.5099 
55 Q 3.54 2.073 97.88 4.277 95.95 11.7327 
56 Q n.a. n.a. n.a. n.a. n.a. n.a. 
57 Q 3.55 0.507 76.02 1.136 58.73 2.8695 
58 Q 3.51 0.190 91.81 0.518 90.94 1.0776 
59 Q 3.47 0.103 100.00 0.306 100.00 0.5830 
60 Q 3.45 0.058 100.00 0.180 100.00 0.3301 
61 Q 3.44 0.034 100.00 0.107 100.00 0.1949 
62 Q 3.41 0.021 84.86 0.065 96.90 0.1194 
63 Q 3.41 0.013 100.00 0.040 100.00 0.0759 
64 Q 3.41 0.009 100.00 0.026 100.00 0.0510 
65 Q 3.39 0.006 100.00 0.017 100.00 0.0338 
66 Q 3.40 0.004 100.00 0.012 100.00 0.0230 
67 Q 3.38 0.003 100.00 0.011 100.00 0.0191 
68 Q 3.39 0.002 42.90 0.008 66.43 0.0134 
69 Q 3.37 0.002 100.00 0.007 100.00 0.0104 
70 Q 3.42 0.023 100.00 0.119 100.00 0.1323 
71 Q 3.40 0.002 100.00 0.010 100.00 0.0116 
  Sum: 243.211 1,546.721 5,555.925 7,907.032 5,832.306 9,365.089 
  Average: 3.474 22.096 79.370 112.958 83.319 133.787 
  Rel.Std.Dev: 1.802 % 92.608 % 39.592 % 93.673 % 32.671 % 82.209 % 
        
No.  Name  Time Area  Rel.Area  Height  Rel.Height  Amount  
    min µS*min % µS %   
    Ammonium Ammonium Ammonium Ammonium Ammonium Ammonium 
    ECD_1 ECD_1 ECD_1 ECD_1 ECD_1 ECD_1 
1 IC n.a. n.a. n.a. n.a. n.a. n.a. 
2 q n.a. n.a. n.a. n.a. n.a. n.a. 
3 STD B n.a. n.a. n.a. n.a. n.a. n.a. 
4 STD 1 n.a. n.a. n.a. n.a. n.a. n.a. 
5 STD 2 n.a. n.a. n.a. n.a. n.a. n.a. 
6 STD 3 n.a. n.a. n.a. n.a. n.a. n.a. 
7 STD 4 n.a. n.a. n.a. n.a. n.a. n.a. 
8 STD 5 n.a. n.a. n.a. n.a. n.a. n.a. 
9 STD 6 n.a. n.a. n.a. n.a. n.a. n.a. 
10 STOCK STD n.a. n.a. n.a. n.a. n.a. n.a. 
11 CHECK STD (sUB IN STOCK) 3.940 0.640 18.171 2.279 23.863 n.a. 
12 usgs n.a. n.a. n.a. n.a. n.a. n.a. 
13 TAP n.a. n.a. n.a. n.a. n.a. n.a. 
14 TAP n.a. n.a. n.a. n.a. n.a. n.a. 
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15 5 n.a. n.a. n.a. n.a. n.a. n.a. 
16 6 n.a. n.a. n.a. n.a. n.a. n.a. 
17 STOCK n.a. n.a. n.a. n.a. n.a. n.a. 
18 CHECK 3.937 0.641 17.858 2.334 24.182 n.a. 
19 Q n.a. n.a. n.a. n.a. n.a. n.a. 
20 PIN A JAN7 n.a. n.a. n.a. n.a. n.a. n.a. 
21 PAC A JAN 7 n.a. n.a. n.a. n.a. n.a. n.a. 
22 TUN A JAN7 n.a. n.a. n.a. n.a. n.a. n.a. 
23 MSH A JAN7 n.a. n.a. n.a. n.a. n.a. n.a. 
24 ICE A JAN7 n.a. n.a. n.a. n.a. n.a. n.a. 
25 ICE B JAN 7 n.a. n.a. n.a. n.a. n.a. n.a. 
26 PIN B JAN 7 n.a. n.a. n.a. n.a. n.a. n.a. 
27 PAC B JAN 7 n.a. n.a. n.a. n.a. n.a. n.a. 
28 TUN B JAN 7 n.a. n.a. n.a. n.a. n.a. n.a. 
29 MSH B JAN7 n.a. n.a. n.a. n.a. n.a. n.a. 
30 ICE B JAN 7 n.a. n.a. n.a. n.a. n.a. n.a. 
31 ICE A SEP95.2018 n.a. n.a. n.a. n.a. n.a. n.a. 
32 PAC A SEP5.2018 n.a. n.a. n.a. n.a. n.a. n.a. 
33 PIN A SEP5.2018 n.a. n.a. n.a. n.a. n.a. n.a. 
34 TUN A SEP5.2018 n.a. n.a. n.a. n.a. n.a. n.a. 
35 MSH A SEP5.2018 n.a. n.a. n.a. n.a. n.a. n.a. 
36 FRESHBASE n.a. n.a. n.a. n.a. n.a. n.a. 
37 ICE B SEP 5. 2018 n.a. n.a. n.a. n.a. n.a. n.a. 
38 PAC B SEP 5.2018 n.a. n.a. n.a. n.a. n.a. n.a. 
39 PIN B SEP 5.2018 n.a. n.a. n.a. n.a. n.a. n.a. 
40 TUN B SEP5.2018 n.a. n.a. n.a. n.a. n.a. n.a. 
41 MSH B SEP5.2018 n.a. n.a. n.a. n.a. n.a. n.a. 
42 FRESH BASE 2 n.a. n.a. n.a. n.a. n.a. n.a. 
43 ICE A 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
44 PAC A 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
45 PIN A 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
46 TUN A 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
47 MSH A 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
48 MIILIQ 3.787 0.021 21.292 0.064 14.215 n.a. 
49 ICE B 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
50 PAC B 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
51 PIN B 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
52 TUN B 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
53 MSH B 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
54 FRESHBASE 3 n.a. n.a. n.a. n.a. n.a. n.a. 
55 Q n.a. n.a. n.a. n.a. n.a. n.a. 
56 Q n.a. n.a. n.a. n.a. n.a. n.a. 
57 Q n.a. n.a. n.a. n.a. n.a. n.a. 
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58 Q n.a. n.a. n.a. n.a. n.a. n.a. 
59 Q n.a. n.a. n.a. n.a. n.a. n.a. 
60 Q n.a. n.a. n.a. n.a. n.a. n.a. 
61 Q n.a. n.a. n.a. n.a. n.a. n.a. 
62 Q n.a. n.a. n.a. n.a. n.a. n.a. 
63 Q n.a. n.a. n.a. n.a. n.a. n.a. 
64 Q n.a. n.a. n.a. n.a. n.a. n.a. 
65 Q n.a. n.a. n.a. n.a. n.a. n.a. 
66 Q n.a. n.a. n.a. n.a. n.a. n.a. 
67 Q n.a. n.a. n.a. n.a. n.a. n.a. 
68 Q n.a. n.a. n.a. n.a. n.a. n.a. 
69 Q n.a. n.a. n.a. n.a. n.a. n.a. 
70 Q n.a. n.a. n.a. n.a. n.a. n.a. 
71 Q n.a. n.a. n.a. n.a. n.a. n.a. 
  Sum: 11.664 1.302 57.321 4.677 62.260 0.000 
  Average: 3.888 0.434 19.107 1.559 20.753 #DIV/0! 
  Rel.Std.Dev: 2.255 % 82.382 % 9.938 % 83.069 % 27.294 % #DIV/0! 
        
No.  Name  Time Area  Rel.Area  Height  Rel.Height  Amount  
    min µS*min % µS %   
    Potassium Potassium Potassium Potassium Potassium Potassium 
    ECD_1 ECD_1 ECD_1 ECD_1 ECD_1 ECD_1 
1 IC 4.567 0.003 7.534 0.010 8.529 0.031 
2 q 4.624 0.001 2.722 0.003 3.277 0.007 
3 STD B 4.720 0.002 1.931 0.009 2.286 9.937 
4 STD 1 4.750 0.013 2.811 0.059 4.452 11.499 
5 STD 2 4.790 0.031 3.535 0.132 5.898 13.935 
6 STD 3 4.810 0.093 4.798 0.324 7.820 16.529 
7 STD 4 4.847 0.201 5.743 0.624 8.731 17.771 
8 STD 5 4.857 0.435 5.589 1.357 7.641 19.238 
9 STD 6 4.820 1.145 5.864 3.438 5.481 20.259 
10 STOCK STD 4.757 2.388 5.398 7.511 5.192 21.134 
11 CHECK STD (sUB IN STOCK) 4.804 0.334 9.491 1.258 13.175 2.959 
12 usgs 4.830 0.559 3.597 2.053 5.292 4.950 
13 TAP 4.810 0.469 4.245 1.851 7.151 4.151 
14 TAP 4.813 0.489 4.491 1.905 7.721 4.328 
15 5 4.807 0.462 6.031 1.823 7.960 4.093 
16 6 4.800 1.211 5.352 3.951 5.727 10.719 
17 STOCK 4.747 2.607 5.281 8.156 5.342 23.075 
18 CHECK 4.790 0.301 8.383 1.200 12.432 2.662 
19 Q 4.780 0.060 0.142 0.308 0.140 0.530 
20 PIN A JAN7 4.764 0.020 0.047 0.102 0.047 0.175 
21 PAC A JAN 7 n.a. n.a. n.a. n.a. n.a. n.a. 
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22 TUN A JAN7 4.770 0.011 0.027 0.060 0.027 0.101 
23 MSH A JAN7 n.a. n.a. n.a. n.a. n.a. n.a. 
24 ICE A JAN7 4.817 0.049 0.119 0.216 0.100 0.432 
25 ICE B JAN 7 4.827 0.042 0.100 0.195 0.090 0.369 
26 PIN B JAN 7 4.680 0.011 0.025 0.000 0.000 0.094 
27 PAC B JAN 7 n.a. n.a. n.a. n.a. n.a. n.a. 
28 TUN B JAN 7 4.834 0.022 0.052 0.102 0.047 0.198 
29 MSH B JAN7 4.840 0.023 0.056 0.104 0.048 0.207 
30 ICE B JAN 7 4.860 0.038 0.090 0.161 0.074 0.336 
31 ICE A SEP95.2018 4.850 0.038 0.090 0.168 0.076 0.341 
32 PAC A SEP5.2018 n.a. n.a. n.a. n.a. n.a. n.a. 
33 PIN A SEP5.2018 n.a. n.a. n.a. n.a. n.a. n.a. 
34 TUN A SEP5.2018 n.a. n.a. n.a. n.a. n.a. n.a. 
35 MSH A SEP5.2018 4.770 0.005 0.011 0.002 0.001 0.042 
36 FRESHBASE n.a. n.a. n.a. n.a. n.a. n.a. 
37 ICE B SEP 5. 2018 4.763 0.020 0.047 0.002 0.001 0.175 
38 PAC B SEP 5.2018 n.a. n.a. n.a. n.a. n.a. n.a. 
39 PIN B SEP 5.2018 4.997 0.225 0.398 0.603 0.222 1.990 
40 TUN B SEP5.2018 4.847 0.023 0.051 0.122 0.053 0.203 
41 MSH B SEP5.2018 4.827 0.021 0.048 0.100 0.045 0.182 
42 FRESH BASE 2 n.a. n.a. n.a. n.a. n.a. n.a. 
43 ICE A 7/19/2018 4.844 0.053 0.122 0.235 0.107 0.465 
44 PAC A 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
45 PIN A 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
46 TUN A 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
47 MSH A 7/19/2018 4.704 0.017 0.039 0.000 0.000 0.151 
48 MIILIQ n.a. n.a. n.a. n.a. n.a. n.a. 
49 ICE B 7/19/2018 4.870 0.049 0.113 0.122 0.055 0.430 
50 PAC B 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
51 PIN B 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
52 TUN B 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
53 MSH B 7/19/2018 n.a. n.a. n.a. n.a. n.a. n.a. 
54 FRESHBASE 3 n.a. n.a. n.a. n.a. n.a. n.a. 
55 Q 4.770 0.022 1.062 0.106 2.385 0.199 
56 Q n.a. n.a. n.a. n.a. n.a. n.a. 
57 Q n.a. n.a. n.a. n.a. n.a. n.a. 
58 Q n.a. n.a. n.a. n.a. n.a. n.a. 
59 Q n.a. n.a. n.a. n.a. n.a. n.a. 
60 Q n.a. n.a. n.a. n.a. n.a. n.a. 
61 Q n.a. n.a. n.a. n.a. n.a. n.a. 
62 Q n.a. n.a. n.a. n.a. n.a. n.a. 
63 Q n.a. n.a. n.a. n.a. n.a. n.a. 
64 Q n.a. n.a. n.a. n.a. n.a. n.a. 
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65 Q n.a. n.a. n.a. n.a. n.a. n.a. 
66 Q n.a. n.a. n.a. n.a. n.a. n.a. 
67 Q n.a. n.a. n.a. n.a. n.a. n.a. 
68 Q n.a. n.a. n.a. n.a. n.a. n.a. 
69 Q n.a. n.a. n.a. n.a. n.a. n.a. 
70 Q n.a. n.a. n.a. n.a. n.a. n.a. 
71 Q n.a. n.a. n.a. n.a. n.a. n.a. 
  Sum: 177.353 11.493 95.436 38.370 127.627 193.894 
  Average: 4.793 0.311 2.579 1.037 3.449 5.240 
  Rel.Std.Dev: 1.526 % 194.962 % 111.671 % 184.137 % 113.651 % 141.203 % 
        
No.  Name  Time Area  Rel.Area  Height  Rel.Height  Amount  
    min µS*min % µS %   
    Magnesium Magnesium Magnesium Magnesium Magnesium Magnesium 
    ECD_1 ECD_1 ECD_1 ECD_1 ECD_1 ECD_1 
1 IC 7.004 0.003 6.527 0.008 7.036 0.272 
2 q 7.000 0.002 7.140 0.006 7.855 0.268 
3 STD B 7.007 0.038 32.518 0.109 29.072 218.993 
4 STD 1 7.020 0.161 34.810 0.437 33.203 102.373 
5 STD 2 7.044 0.288 32.313 0.714 31.857 81.400 
6 STD 3 7.003 0.528 27.124 1.131 27.335 55.412 
7 STD 4 7.007 0.788 22.551 1.474 20.608 40.109 
8 STD 5 7.097 1.730 22.237 2.227 12.541 42.458 
9 STD 6 7.087 5.353 27.423 9.734 15.520 51.474 
10 STOCK STD 6.990 13.754 31.089 28.940 20.004 65.725 
11 CHECK STD (sUB IN STOCK) 7.034 0.510 14.483 1.148 12.019 2.687 
12 usgs 7.157 2.411 15.509 3.310 8.532 11.737 
13 TAP 7.037 0.965 8.732 1.721 6.649 4.850 
14 TAP 7.043 0.917 8.426 1.696 6.875 4.625 
15 5 7.147 1.826 23.812 2.696 11.770 8.950 
16 6 7.094 6.415 28.344 11.038 16.000 30.791 
17 STOCK 6.990 15.463 31.322 30.931 20.258 73.863 
18 CHECK 7.044 0.539 15.020 1.220 12.644 2.823 
19 Q 7.047 0.129 0.306 0.365 0.166 0.873 
20 PIN A JAN7 7.040 0.024 0.058 0.073 0.034 0.373 
21 PAC A JAN 7 7.057 0.084 0.202 0.249 0.114 0.660 
22 TUN A JAN7 7.050 0.042 0.100 0.124 0.057 0.457 
23 MSH A JAN7 7.050 0.027 0.065 0.081 0.037 0.388 
24 ICE A JAN7 7.054 0.125 0.304 0.361 0.166 0.853 
25 ICE B JAN 7 7.073 0.137 0.329 0.388 0.178 0.909 
26 PIN B JAN 7 7.064 0.028 0.067 0.084 0.039 0.392 
27 PAC B JAN 7 7.090 0.113 0.261 0.325 0.148 0.795 
28 TUN B JAN 7 7.080 0.070 0.164 0.207 0.095 0.591 
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29 MSH B JAN7 7.084 0.069 0.164 0.203 0.094 0.585 
30 ICE B JAN 7 7.083 0.136 0.324 0.385 0.178 0.904 
31 ICE A SEP95.2018 7.050 0.128 0.302 0.369 0.168 0.869 
32 PAC A SEP5.2018 7.027 0.028 0.065 0.084 0.038 0.391 
33 PIN A SEP5.2018 7.037 0.019 0.043 0.058 0.026 0.350 
34 TUN A SEP5.2018 7.044 0.048 0.105 0.140 0.061 0.484 
35 MSH A SEP5.2018 7.047 0.080 0.188 0.234 0.107 0.639 
36 FRESHBASE 7.040 0.013 0.057 0.038 0.033 0.319 
37 ICE B SEP 5. 2018 7.063 0.117 0.278 0.336 0.154 0.815 
38 PAC B SEP 5.2018 7.074 0.133 0.304 0.373 0.169 0.891 
39 PIN B SEP 5.2018 7.094 1.461 2.587 2.523 0.928 7.212 
40 TUN B SEP5.2018 7.094 0.303 0.673 0.806 0.351 1.701 
41 MSH B SEP5.2018 7.063 0.074 0.171 0.215 0.098 0.609 
42 FRESH BASE 2 7.020 0.009 0.030 0.027 0.017 0.301 
43 ICE A 7/19/2018 7.037 0.139 0.322 0.391 0.178 0.920 
44 PAC A 7/19/2018 7.030 0.032 0.075 0.097 0.044 0.411 
45 PIN A 7/19/2018 7.047 0.066 0.154 0.195 0.090 0.572 
46 TUN A 7/19/2018 7.044 0.047 0.109 0.139 0.063 0.483 
47 MSH A 7/19/2018 7.057 0.135 0.309 0.377 0.171 0.900 
48 MIILIQ 7.053 0.011 10.985 0.030 6.572 0.310 
49 ICE B 7/19/2018 7.060 0.125 0.290 0.361 0.165 0.854 
50 PAC B 7/19/2018 7.070 0.163 0.373 0.453 0.205 1.032 
51 PIN B 7/19/2018 7.074 0.183 0.360 0.506 0.198 1.127 
52 TUN B 7/19/2018 7.020 0.262 0.604 0.716 0.322 1.503 
53 MSH B 7/19/2018 7.030 0.177 0.399 0.497 0.219 1.103 
54 FRESHBASE 3 7.020 0.009 0.027 0.028 0.016 0.303 
55 Q 7.014 0.006 0.277 0.017 0.376 0.286 
56 Q n.a. n.a. n.a. n.a. n.a. n.a. 
57 Q 7.304 0.007 1.083 0.038 1.969 0.292 
58 Q n.a. n.a. n.a. n.a. n.a. n.a. 
59 Q n.a. n.a. n.a. n.a. n.a. n.a. 
60 Q n.a. n.a. n.a. n.a. n.a. n.a. 
61 Q n.a. n.a. n.a. n.a. n.a. n.a. 
62 Q n.a. n.a. n.a. n.a. n.a. n.a. 
63 Q n.a. n.a. n.a. n.a. n.a. n.a. 
64 Q n.a. n.a. n.a. n.a. n.a. n.a. 
65 Q n.a. n.a. n.a. n.a. n.a. n.a. 
66 Q n.a. n.a. n.a. n.a. n.a. n.a. 
67 Q n.a. n.a. n.a. n.a. n.a. n.a. 
68 Q n.a. n.a. n.a. n.a. n.a. n.a. 
69 Q n.a. n.a. n.a. n.a. n.a. n.a. 
70 Q n.a. n.a. n.a. n.a. n.a. n.a. 
71 Q n.a. n.a. n.a. n.a. n.a. n.a. 
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  Sum: 395.082 56.450 411.897 110.434 313.823 831.268 
  Average: 7.055 1.008 7.355 1.972 5.604 14.844 
  Rel.Std.Dev: 0.677 % 286.662 % 154.909 % 293.232 % 163.327 % 245.314 % 
        
No.  Name  Time Area  Rel.Area  Height  Rel.Height  Amount  
    min µS*min % µS %   
    Calcium Calcium Calcium Calcium Calcium Calcium 
    ECD_1 ECD_1 ECD_1 ECD_1 ECD_1 ECD_1 
1 IC 8.750 0.038 81.841 0.091 75.552 0.046 
2 q 8.740 0.027 88.866 0.066 86.089 -0.019 
3 STD B 8.753 0.037 31.649 0.088 23.432 19.679 
4 STD 1 8.753 0.105 22.818 0.249 18.951 46.756 
5 STD 2 8.774 0.198 22.243 0.445 19.860 52.281 
6 STD 3 8.717 0.395 20.317 0.771 18.631 45.524 
7 STD 4 8.727 0.643 18.396 1.045 14.606 38.216 
8 STD 5 8.833 1.952 25.097 1.971 11.102 59.937 
9 STD 6 8.780 3.952 20.246 5.881 9.376 48.924 
10 STOCK STD 8.683 9.169 20.725 14.852 10.266 57.003 
11 CHECK STD (sUB IN STOCK) 8.810 1.365 38.735 1.589 16.638 8.322 
12 usgs 8.777 7.280 46.820 9.878 25.462 45.223 
13 TAP 8.787 6.228 56.368 8.379 32.369 38.657 
14 TAP 8.797 6.396 58.743 8.671 35.149 39.708 
15 5 8.844 1.514 19.737 1.987 8.675 9.252 
16 6 8.780 5.352 23.649 6.992 10.136 33.195 
17 STOCK 8.677 11.204 22.696 16.559 10.845 69.703 
18 CHECK 8.810 1.430 39.855 1.709 17.703 8.730 
19 Q 8.767 0.462 1.094 0.932 0.425 2.690 
20 PIN A JAN7 8.764 0.643 1.537 1.185 0.547 3.821 
21 PAC A JAN 7 8.787 0.223 0.534 0.511 0.234 1.201 
22 TUN A JAN7 8.787 0.134 0.323 0.322 0.147 0.649 
23 MSH A JAN7 8.790 0.126 0.301 0.302 0.139 0.596 
24 ICE A JAN7 8.777 0.467 1.135 0.965 0.445 2.722 
25 ICE B JAN 7 8.787 0.513 1.235 1.041 0.479 3.009 
26 PIN B JAN 7 8.794 0.597 1.419 1.166 0.546 3.532 
27 PAC B JAN 7 8.834 0.216 0.500 0.496 0.225 1.156 
28 TUN B JAN 7 8.830 0.242 0.568 0.552 0.254 1.322 
29 MSH B JAN7 8.830 0.238 0.568 0.543 0.252 1.294 
30 ICE B JAN 7 8.817 0.521 1.241 1.062 0.491 3.061 
31 ICE A SEP95.2018 8.780 0.438 1.031 0.931 0.423 2.545 
32 PAC A SEP5.2018 8.784 0.114 0.268 0.274 0.126 0.524 
33 PIN A SEP5.2018 8.790 0.298 0.661 0.667 0.293 1.669 
34 TUN A SEP5.2018 8.794 0.111 0.246 0.267 0.117 0.504 
35 MSH A SEP5.2018 8.790 0.213 0.500 0.491 0.224 1.141 
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36 FRESHBASE 8.807 0.052 0.233 0.126 0.110 0.135 
37 ICE B SEP 5. 2018 8.803 0.469 1.117 0.990 0.454 2.738 
38 PAC B SEP 5.2018 8.830 0.113 0.258 0.270 0.122 0.514 
39 PIN B SEP 5.2018 8.840 1.058 1.872 1.676 0.617 6.407 
40 TUN B SEP5.2018 8.850 0.167 0.370 0.387 0.169 0.850 
41 MSH B SEP5.2018 8.807 0.221 0.510 0.511 0.232 1.185 
42 FRESH BASE 2 8.773 0.031 0.100 0.075 0.047 0.000 
43 ICE A 7/19/2018 8.774 0.418 0.969 0.912 0.416 2.417 
44 PAC A 7/19/2018 8.784 0.133 0.312 0.320 0.147 0.642 
45 PIN A 7/19/2018 8.780 0.553 1.292 1.150 0.531 3.261 
46 TUN A 7/19/2018 8.797 0.114 0.263 0.275 0.124 0.522 
47 MSH A 7/19/2018 8.800 0.252 0.579 0.581 0.263 1.383 
48 MIILIQ 8.810 0.036 36.353 0.087 19.314 0.035 
49 ICE B 7/19/2018 8.797 0.484 1.123 1.036 0.473 2.830 
50 PAC B 7/19/2018 8.817 0.223 0.511 0.515 0.233 1.200 
51 PIN B 7/19/2018 8.807 0.396 0.781 0.875 0.342 2.281 
52 TUN B 7/19/2018 8.750 0.258 0.595 0.598 0.269 1.417 
53 MSH B 7/19/2018 8.767 0.301 0.676 0.689 0.303 1.685 
54 FRESHBASE 3 8.787 0.026 0.074 0.063 0.035 -0.030 
55 Q 8.780 0.012 0.563 0.028 0.621 -0.116 
56 Q n.a. n.a. n.a. n.a. n.a. n.a. 
57 Q 9.057 0.020 2.981 0.130 6.719 -0.066 
58 Q 8.750 0.001 0.516 0.002 0.315 -0.184 
59 Q n.a. n.a. n.a. n.a. n.a. n.a. 
60 Q n.a. n.a. n.a. n.a. n.a. n.a. 
61 Q n.a. n.a. n.a. n.a. n.a. n.a. 
62 Q n.a. n.a. n.a. n.a. n.a. n.a. 
63 Q n.a. n.a. n.a. n.a. n.a. n.a. 
64 Q n.a. n.a. n.a. n.a. n.a. n.a. 
65 Q n.a. n.a. n.a. n.a. n.a. n.a. 
66 Q n.a. n.a. n.a. n.a. n.a. n.a. 
67 Q n.a. n.a. n.a. n.a. n.a. n.a. 
68 Q n.a. n.a. n.a. n.a. n.a. n.a. 
69 Q n.a. n.a. n.a. n.a. n.a. n.a. 
70 Q n.a. n.a. n.a. n.a. n.a. n.a. 
71 Q n.a. n.a. n.a. n.a. n.a. n.a. 
  Sum: 501.056 68.180 724.010 104.225 482.065 681.678 
  Average: 8.790 1.196 12.702 1.829 8.457 11.959 
  Rel.Std.Dev: 0.568 % 200.027 % 164.217 % 188.545 % 196.475 % 163.452 % 
 
